Information has been obtained from the experimental transmission of infectious hepatitis to human volunteers (1 to 7) to indicate that the icterogenic agent, which is known to be in the blood and stools of patients during active stages of the disease, is filtrable and may be transmitted to human volunteers by feeding or by parenteral inoculation of infectious material.
Although the exact nature of this icterogenic agent is not yet defined, it is believed to be a virus (6, 7) . These facts are in agreement with the failure to identify any specific bacterial organism consistently with this disease (8 to 11) .
In view of this recent knowledge, the purpose of this paper is: (1) to point out the extensive and controversial experience of World War I in which the frequent association of infectious hepatitis and certain strains of salmonellae was observed; (2) to report in detail the occurrence of secondary invasion with S. choleraesuis in 2 human volunteers with experimental virus-induced hepatitis. We believe that this finding, limited as it is to a small number of patients, points the way to an explanation of the controversy over the etiology of this disease which existed 25 years ago.
HISTOIICAL
During World War I, the frequent isolation of certain strains of salmonellae from patients with infectious hepatitis was observed. This occurred in occasional family outbreaks (12) and small institutional (13) and civilian (14, 15) epidemics, but the preponderant evidence was obtained from the armed forces. In Roumanian (16) , French (17) , and British (18) 2Major, M.C, A.U.S. coincident with epidemics of febrile gastroenteritis and with large numbers of infections due to various strains of salmonellae. A concomitant increase in incidence of typhoid was often observed.
Characteristically, these epidemics were prevalent among troops which had been exposed to great hardship and whose sanitary conditions were poor.
During investigations on such outbreaks of infectious hepatitis, organisms of the paratyphoid group were frequently recovered from the blood, stools, or bile of patients with jaundice (12, 14 to 17). Numerous strains were identified but because of atypical cultural and serological characteristics they were considered as variant forms. It was suggested that such atypical strains of the paratyphoid group (usually S. schottmuelleri) acquired new characteristics during epidemics-taking on an icterogenic capacity. As such they were considered to be the etiologic agents of infectious hepatitis, the jaundice being distinguished from the icterus occurring occasionally in the course of typhoid or paratyphoid fever. The sera of these patients frequently showed the development of agglutinins for various strains of salmonellae (15 to 17) .
A study (17) was made of an epidemic of febrile gastroenteritis in the French Army during the 8 months' campaign in the Dardanelles. Early in the campaign, the rate of typhoid and paratyphoid fever was high, and the organisms isolated were classical in cultural characteristics and agglutination reactions. As the gastro-enteritis declined, cases of jaundice appeared. From these jaundiced patients, 94 strains of S. paratyphi and S. schottmuelleri were recovered, but a change in bacteriologic characteristics was noted in atypical cultural reactions and failure to agglutinate specific sera, although there was strong homologous agglutination with the serum of the patients.
There was an epidemic of jaundice among troops in the Roumanian Army in which approxi-45 mately 1 month -after, a large outbreak of nonspecific gastroenteritis, cases of jaundice began to appear. Fourteen strains of S. schottmuelleri were isolated from jaundiced patients. Of 90 patients with jaundice, the sera of all but 3 agglutinated at least 1 of these strains (S. schottmuelleri) in a titre as high as 1: 300.
In contrast to the etiological interpretation of the association of salmonellae with infectious hepatitis were the views of others, including British (19 to 21), German (22) , French (23, 24) , and Egyptian (25) (4, 7, 26, 27) . Of these, 20 have contractedthe disease. -Eight additional men were given an agent of homologous serum jaundice, and of these 3 contracted the disease (4).
.It was mentioned in an earlier communication (4) that in 1 of these experiments :in the transmission of hepatitis to human volunteers, 2 patients had developed bacteremia with S. choleraesuis during -the acute phase of their hepatitis.
Details of this finding and its intierpretation_ were not given.
This experiment was conducted at an institution for mental diseases.. Conscientious objectors, assigned there to work in various capacities, volunteered as subjects. Eleven men in all were used, divided into 3 groups of 3 men each with 2 men serving as uninfected controls. (See Figure 1 .)
The sources of the infectious materials which *these men received are described in. +8.
* Sera numbers 3 to 6 were second human passage material from a pool of sera obtained from 11 men in the first 24 hours of sandfiy fever. There was no previous history of jaundice. Ten were followed for 4 months and did not develop jaundice. The eleventh could not be traced.
This pool was prepared by Lt. Col. A. B. Sabin, M.C., and was described in studies reported by Paul ct al. as containing an icterogenic agent of homologous erum jaundice (28) . From coincident and subsequent work (27) Figure 2) . The chief complaint at onset was discomfort in the right upper quadrant. In the next 2 days, he had anorexia, nausea, and headache, and the discomfort in the right upper quadrant extended into the epigastrium. - the sixth day of disease, was remittent for 3 days, and declined to normal on the tenth day. Culture of the blood revealed 3 colonies per milliliter of S. choleraesuis on the fifth day of disease, and daily cultures were positive until the thirteenth day. Clinical jaundice reached a peak on the thirteenth day with a serum bilirubin of 6.7 mgm. per cent. The total duration of jaundice was 28 days. Recovery was uneventful, and studies of liver function became normal. Repeated cultures of the stool and urine were negative for pathogenic bacteria.
Fifty-one days after the disappearance of jaundice, this patient had a relapse of hepatitis following an attack of non-specific enterocolitis which was treated with sulfaguanidine. Culture of the blood during this relapse was sterile. The stool contained no pathogenic bacteria. He was jaundiced for 15 days, and complete recovery followed.
In Group II, volunteer ML developed experimental infectious hepatitis 20 days after ingestion of infectious stools. (See Figure 3. A similar experiment with 8 human volunteers was being conducted simultaneously in another institution with an agent of homologous serum jaundice. The incidence of dysentery and infections due to salmonellae in this institution was low. Culture of the stools of the 8 volunteers in this experiment, including 3 who contracted homologous serum jaundice experimentally, were also negative for pathogenic bacteria.
During the past few months a study was made of the stools of 15 additional human volunteers who contracted virus-induced infectious hepatitis experimentally. No pathogenic bacteria were found. The incidence of infection due to the dysentery-salmonella groups of organisms was low in the institutions where these men lived and worked.
SEROLOGICAL STUDIES
The strains of S. choleraesuis which were isolated from the 2 patients ML and RN were of the Kunzendorf variety.8 They were agglutinated in a titre of 1: 2560 and 1: 5180 respectively by commercial anti-serum of S. schottmuelleri. No agglutination occurred when either strain was exposed to anti-serum of B. typhosus or S. paratyphi. Each of these 2 patients developed during the course of the disease a significant rise in titre of agglutinins to his own strain and also to the other patient's strain of S. choleraesuis. Similar increase in agglutinating titre, although of a lesser order, was observed when the sera of these 2 patients were tested against a swine strain and another human strain of S. choleraesuis. No significant amount of agglutinins was detected in either of these sera for 2 strains of S. schottmuelleri, S. paratyphi, or B. typhosus. The other 21 volunteers who contracted hepatitis were also studied in relation to their serological reactions to several strains of salmonellae. These results are recorded in Table II . All of these volunteers had been vaccinated against typhoid and paratyphoid fever within periods ranging from 5 to 23 months before the onset of disease.
One patient (volunteer ON) had moderate rise in titre of agglutinins to 3 strains of salmonellae. Cultures of the blood were sterile, and cultures of the stool and urine revealed no pathogenic bacteria. He had been vaccinated against typhoid and paratyphoid fever approximately 10 months before infection and was resident in an institution in which the incidence of infection due to the salmonella-dysentery groups of organisms was low. 
DISCUSSION
It has been pointed out in this paper that the occurrence of bacteremia due to various strains of salmonellae (usually S. paratyphi and S. schottmuelleri) in patients with epidemic jaundice was interpreted in "pre-virus" days of 25 years ago as indicating that paratyphoid bacilli might cause epidemic jaundice. This concept was subsequently abandoned, and the concept of virus etiology of infections hepatitis has been more recently established when the disease was found to be readily reproducible by feeding or injecting human volunteers with a filtrable agent. That 2 of the volunteers who became infected experimentally with the virus should also develop bacteremia with S. choleraesuis during the course of virus-induced experimental hepatitis, is, we believe, a highly significant fact, particularly as this occurred only among volunteers who lived and worked in an institution where infections due to the salmonelladysentery groups of organisms had been endemic in fair proportion. This occurrence is important as a possible indication that a virus infection of the human intestinal tract may be complicated by a superimposed bacterial infection. As such, it is reminiscent of the situation in hog cholera, in which S. choleraesuis frequently becomes active as a secondary invader of the intestinal tract of the hog primarily damaged by a filrable virus (29) . The fact that 20 other volunteers with experimental hepatitis, most of them located in other institutions where the rate of infections due to salmonellae was low, showed no evidence serologically or by culture of relationship with any 1 of 6 strains of salmonellae, lends support to this view. The 1 volunteer with experimental infectious hepatitis who did show a moderate rise in titre of agglutinins to 3 strains of salmonellae had been vaccinated 10 months previously, and it is likely that his response represented an anamnestic reaction. Reference to this possibility has been made by Nichols (30) 2. Serologic study of these 23 patients showed appropriate evidence of bacterial infection in the 2 subjects who had bacteremia during the course of experimental hepatitis, while the other volunteers (with 1 exception) failed to show any serologic response to several strains of salmonellae.
3. The occurrence of bacteremia with S. choleraesuis during the course of virus-induced experimental hepatitis in 2 human, volunteers offers suggestive evidence that a virus infection of the human intestinal tract may render it more susceptible to bacterial infection. 4 . Experimental evidence that the etiologic agent of infectious hepatitis is filtrable and may be transmitted to man by the intestinal-oral routes suggests that the previous association of paratyphoid bacilli with infectious hepatitis, observed so frequently in the first World War constituted a double infection made possible, in part, by unsanitary conditions which favored the spread of both diseases.
